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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a data output synchronous clock 
generator 

which supplies a clock that has a little attenuation of a signal and is 
synchronized with nnany devices. 

SOLUTION: A data clock which is generated by an synchronous DRAM 
device 14d 

that is arranged at the farthest end from a memory controller 1 2 is 
synchronizes with a command clock that is sent from a clock generator 1 1 to a 
command clock signal line 21a and is supplied front an output pin 22d to 
synchronous DRAM devices 14a to 14d through a data clock outputting signal 
line 

23a. Data which are outputted from each of the devices 14a to 14d are 
synchronized with the data clock, transmitted through a data bus 25 from data 
input-output lines 24a to 24d in the same direction of the data clock and sent 
to the controller 1 2. 
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ii/CT-^'^'n y^'Ji, aj^jf>2 2dJ:»)T-5'^'o 
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RaiL-C, HmDRAMT>'^MX14a~14dc^>g. 
^/P/i>a5:>]$tUtT-:J'l4s T-:?Aaj:>jS24a~2 
4 2 5 $:-f-^' ^J' o -y ^ i: *|6J t 



m 
( 



-r 



2 ^ 
< A 



2 cs. 
< A 

Q r 



I 

I** 

O H 



r 

0 



H n 



1 

man-? y H ^ o •/ ^ fte LT fflaaaffl(^)7 y^s^A 
ma^moyyyjx ■ T^^x ■ yi^off)o*>. hE 

issc(fT-^f^xiirLx\ii^^^mmwLti^ 

5^ :5' o t:>'*»f>aj^j ^iTJt-f-rJ' ^' a -y ^J' S^x 

^' u -/ A:>)fflfi^^^U-CroE^ffl<07 >^ 

o y ^ A*eyJ4-5-itWN^ ^ ye-ryxfcg^ 

y ii-tii-f fir- ^ a «y cOAJti* t W LT fe 

•;>{tyco3*>. roE^ty=»:xho-5t:itUTfija 

ax-^^'D-5'^'<^Aaj*ey*-/i>aj:ft Lfcr-^^n 
•y^'J^. SOW^y^^A • T^'-bX • ;><ty<7>r-^'^' 
o^:7<7)Aa5:>jeyk:A:J]L. BiiafijS3S<0C!StSS 

^tiftyyyM, ■ r9^x ■ ^tyj4ae**T-^'^'o 

•y ^' Aa5*e:^'vai:>J-r&rt3^ n -y SrSx-:? 
-/ t LTfflV>& i i: ^^fc-r&ffl^fl 1 
:^ai:»JHffi^a.yt?^4ilS. 
[ig*JS4 J T-^'^<xt:^t:«^$iiTte 0 . ^ 
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T-^'^a-y:7fc:S-:J#lj5aT-^AaJ:ftS«::ft-LTln 
^A • T^-bx • ^tyt, 

ffiii^fflw^yrA • r^-bx • j<ty J: ot>, ffli: 

?r564L-CmS1@5ffl07y^^A • T^^x ■ ^^ryfc 
T- o y ^ ^ V—^ (c-etimftJ&^S i: 
K3-7yH^'a-y^fc:Ra8L!tx-:J'$:SI^LTro 
10 gT-:?''^'xat^T-:?Aa5:>JeS::ft■LTMSlgS^i<0 

7y:J^A- T^'-bx • ^^ycM^qt^^s^tyn 

B5Ex-:J'i'o y:7i^'x*^-:yfc:J:0, mSnvyK 
D -y ^' t:^ UT%^:>] ^iTJtx-rJ' ^' D -y ^' 5: . 
BiSLX t y 3 y h o- ^'VA*^ 6 k ^ttc:»« LT bSE 
^ficO^y^^A • T^-bX • ^'^^y^^ti.^ixX-)) 
itT-:?;?n-/:7fc:3fflLTgE^1»^7y:?'A ■ 
r^-bX ■ y!{p^>SySkaj$iut-f-^?rmEx-:J' 

Aaj^SRifx-^'VN-xi&^uraiA^-frssiffl^Si: 

20 $r*^6ii:i&^t-rSx-^'aj*HM^'o.y^^ 
US. 

[0001 ] 

T-:?aJ:>jP«I^D>y^f64§IMfcltt&. 
[00021 

30 ^'-bX-^ty (DRAM) 

tlTV^S. L*»L. yXxA^'O-y^'jftJl OOMHz 

(10ns) JaJi^fix«.^<oi^XTAt:*fC^syt 

J6fcU±, ^esfccODRAMgJl'trm-ST^'-bX^'-f A*« 
^ -y :7 f: ^ -?T i^Xx A<)>tt^±tc:SK5: :t LT V ^ 

[0 00 3] Z.1X\i. I^ODRAMSr^rv^jL-^Mk 
«) L. -e*l.'^ODRAM$^3yhD-/l'-rSISl»$^g{t, 
-eC:*^<?>^3ilS ^ o -y :7 tT^iOD R AMtCT:;' 
•bXL. ttg<7)DRAMJ:'?T-^'i&#SCi:5MI'5S 

10 0 041 J:a<7)t >''a.-;Hb$n:tHJ!llffi^(*^ 
S^atrW-rSi^XxAfcLT, S!*H4fc:^^#« 
«<:0^»ffi>'<Xi^XxA:<^/i,ilTV^S. ^cDP^^n' 
Xi^XxAlOOIl. 3|®^f!F?g54 3 28 2 3^fl^ 
SH^^ilTV^StcOT. VX^'T>'^'^X10 2. X 

i^^ ■^'ff<^^ X 1 0 4 o -y 1 3 2 t:#t 

50 S. 
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[00 0 5) B»ffiAXi/XTA100tt. ^xiy^T 

"ffM X 1 0 2«, Xl^>f y^^N'^f X 1 0 4 i: 

XI 2 0SraitT^3ilTV^&. vx^'t'^xV X 1 0 

'frT^N'>fX104«, ^DRAMT&O. A*:*J 

(I/O) ;K-h$-WLTV^6. 

[0006] -7X^'xA>f X 1 0 236JT^'-bXffi|ffi^a! 
:^)LTT-^^i&4Si^>i.fc. xk>fy-rK>f XI 04 
»itS<OT^-bXffi«i&Sft. Xk'f:/T/N'>f XI 04 
<^)i^fcT^-bXWje^8t^$*iS. ^'DT-i' 
^i^X-fA13 0Jl. :5'a-y^'tx-^m^i:<O0 
tse^ I.X^i-^|^-rSttjffl*^<8iTV^S. 

[0 0 0 71 ^o-y^'^S^Xf-Al 3 0»i, ^'o-y^ 
m^Sl3 2fc^'0-y:5'^^134i&^tf. ^'Dt-:7 
1 3 2»i-7X^'T'N'>f X 1 0 2Xt^XV>f ^T^N* 
^Xl OAm^li:m'tt=ix. ^1xhb.mLLX\,^h. 
^'O-/ ^'fi^Sl 3 2li^'a y ^J'^^ 1 3 4<?D5|dg|C 
SSS^nrv^S. :7D^^'^^134tt. HfflffivN'x 
i^XtA 1 0 0±<0-r-^TOT>'^'f Xtr^'o y ^li^S 
13 2T^L)t^'o-y^'^SIS. ^Uy^mm&lS 
Ait. ^-9f<X 1 2 0O»JS*»/?>i&t 0 . :x M 
3 7^-C05^1tfDffl^^l3 6fc. .-K>f:^M3 7*» 
Ox-^/x'X 1 2 0<0|!fSgt|6l*-p^2<O«B^ 
*13 8<0, 2O<0fl|^**»<5>^:S. 

[0008] 9o-y9mm^9x3y9m^mi3 2X*} 

fPlOffl^^l 36$-gAtt:vX:?TA>fXl 02 

i^-f :/t''<^ X 1 0 436»^>vx^x^^>f X 1 0 2^mi^ 
<iS^r[6li:Ht*|6jfc:e^$*i.5. vx^'x^^'fxiO 
2«13g 1 1 3 6 Srg* LT ^ fc^' o y ^'ii^ 

0 tea '^.iut X- ^' ^Sft S . 

[0009] actC. 9ny9m^4^^ >hl37 X*) 
f^2<r)m^mi 3 8?rgEbLTT-:J'>'<X 1 2 OOlfij 
# . T-^'fi^tlVX^'T^'NM X 1 0 
2*»J?>xp>f rr'N'^x 1 0 4^^ri6jt:fiiS$iil.. 
XW-f yx^N'^ X 1 0 4Ji. S2«0fll«i^ 1 3 8 S:^ 

^Lti^a y i^m^^^imh . ^(^m^m 1 3 s** 

^(/)9 a -y ^'^^i^SStt+t . X U-Y ^t^nM X 1 0 4 

«vx ^'tA-y X 1 0 2*»<5xw>f y^-'^-f X 1 0 4^r 

[0010] 

[ISBH*f»?^LJ: a t-ri.iliS] ±£«0^!ffivN-Xi/X 
T^AlOOT'tt, :J'0-y^'m^l*T-7X^'X''^>fX 

1 0 2ai^x^'f ^T''^^ X 1 0 4«oss-am^4:':: 
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[00111 ^^\i±mff)J^^z&;^^ttf^^>ff)T. 
[0012] 

<i:t>ri-7>'H^'a-y "f-SK^xmff-S 
^' o y T-^' Aai^)t8S::ft-LTx-^'''^xt: 

r^'A-r^'-feX -^t'Jfcfti&^Sfcftfc:. rJV^^H:? 
o -y »cH8S L;tx- 9 1 Tx-^'-'^xXt/^x- 
^'AaJ:»]»5r:ft-LTlSjaffl<07>^^A • T^'-feX • 

y^A- r^-fex -><t'ji7)d^, ^tynyho— 5 
'f-9X'ii^-)mm^-9f^x^iK\^x^-)i'^^hum 

[00131 C:<D^T'«. ^fflO^y^A • r^'-b 

n-fnA:»U. 'f-99xi',9\i:.mi\.XWmfn'jv 
9K ■ r^-bx • •J*»^>T-^Sr^aiLT^* y 

m-mmkm 1 /2 c-rs ^ t s . 

[0014]*:^. ±iaoi^jl<0|^m<^ 
7V^^A - r^'-bX- ^t'JiOt. ;<^:l>3>ho- 

9'af9\:i^VX^J^^^i\.fzrf-99u-,9^. 
^ t y 3 y b D-^'vA^-r S fc ftic5HSLT^ffl«7) 

^<X{:itLX&iJ^^hiolizLtih(DX'hi>. 
[00151 Zffmmi,. T-99a-y9i^j:^U-9 
CiO. =i-?VK^o-y^'t^LTf64aJ:>jSti>iT 
-^':?o-/^'?:. l^mc^yyyM. ■ T9-^x ■ ^ty 
50 i:i^ti^iiXijL. f-99^'/9\immLXim.m^ 
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[00 161 

^' a 1 <f>m&<mm<oya -r ^ 

[0 0 171 ^t»Jti^'j.-;H3(i. ^yriDi&^r 
-rSHiffiDRAMx>^>fX14a, 14 b, 14c& 
lfl4dk, ^D-if^'>'*x:t.P— 3^1 l3&>^><0^'Oy^ 
Sraj:»)-rSfc«X03-7yK^'O-yi'^^2 1at. 3 
H o :7<i^2 1 a±t?)^ o >y ^ S:H«SD R 
AMT^<'f>tl4a. 14 b. 1 4 cAt/l 4 dtA^J 

yho-7l2tc«LTiKS4gtSS$nit, ^-/ri 
Dip'OTJ>S^MDRAMx>'<'fXl 4 

^t'j3:^bo-5i2'^.ei*-ri>aj:»]fflm^ia2 
Bat. \xrf}mm^23a.±.<r>T~^9uy^^mm 

MDRAMT'''^-f X14a, 14 b, 14cai^l4d 
fcA*-rSfeJ6<J57'-^^'o«y^A*»2 3bi:, mm 
SDRAMx''"?^X14a, 1 4bXtf 1 4 c<Ox— 
^D-/^'A*l^V2 2a, 22bXt;f22cfc, ;><^:'J 
3yho-^12tH»ffiDRAMT>'<^X14a, 1 
4 b, 14c3at^l4draTT-^'(D^0BX'?!&ffdfe 
tfX0T-^'AaJ:»]ei24a, 24b, 2 4c&l/2 4d 

[0 0 181ij?t:. C:<3>r-:?^'D-/:5'<oa5:Jjty2 2 
dfcT-^'^'0-yi'tf5ASjtr>22a, 2 2b&l^2 2 

c ifm^j:h'T-9 \^i}nm9 o -y 9^aE^ i o oiif^ 

>'H^P-/^'^i^^2 1 afc:2i4>iTJt3Vi'K:5'o-y^' 

~9V=f-9f^X 2 5 SrS tr 3-7^ H o -y t ^- 
*|6lfc:e3i^*tTR»ffiDRAMT>N''fX14a. 14 
b, 14c&lfl4dfc:, x-^AaJ:^jlS24a, 24 
b, 2 4cXl^2 4d^:frLTA*$ii*. JiS 
<03-vyH^'a-y^'{4, 3WH^'a-y^'A*Sl2 lb 
5^:rt-LrR^DRAMT^^'fX14a, 14 b, 14 
cat/14dfcAi)$<t^. 

[00 191 9\:if9i?3.%V-9\\tpti^-7 
y H D -y i'il^ 2 1 a fcj* ii>iX/v: 3 -7 y K ^' O -y 
tHSSLT, ^tt>3yhQ-7l2(CJtLTfi3SJgt: 
SSSiiTV^SHSffiDRAMr^NM X 1 4 dtrJ: 0% 
^Sixtr-^'^'a-y^'d, JlJ^jty2 2 d J: Ox-;? 
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^'Oy:7ai:>jfflfi^2 3a±fcai*$ilS. 
:? ^' o ^ aj:ftfflm^2 3 a±<^T-:? D ^ ^'(l, 
7^-^ ^ a ^ ^Tjjtg 2 3 b J: 0 ^ t 'J t V Ji-;H 3 
±<7)-r'<.T<0B»ffiD R AMt'''^^ X 1 4 a , 14b, 
1 4 c aif 1 4 d {Cftl&Sni. . 
[00201 C:<Ox-:J'^'D )'^fcP»!LT, HJSffiD 
RAMT^<-YX14a, 14b, 1 4 cXlf 1 4 d<0* 

4b, 24caif24d!ep^,T-^'VN'x2 5Srr-^'^' 

10 o-y^i:P-:firiS]k:esi$iiT. ^ti>3yho-7i 

2'\ill^,tL6. 

[00211 ^:i>, C:<Oi:5^$ii&T-^':5'D-y^' 
tt, g^x>'<^ xrfcSRiffiD RAM 1 4 dCO**» 
^•CJ)0. •e«<i*H0HaffiDRAM14a~14c<0 
x-^'^'Oy^'{iJ:^t:^2 2a, 22bXl/22ct:o 

[0022] *^»Sllttc!>Jgffi[tc iitJf , > t y 3 > h 
a-7 1 2tl«LTS3S3gfcSg$/fCi^SH«ffiDR 
20 AMT''NMxi4dfc:J:0fE±$*utx-:J'^'n-y^' 
S^, >ty t>?j.-;H Bieo^'C-CWHSiaDRAM 
X''NMX14a, 14 b, 1 4 c&l^l 4 dtffiJ&L, 
C<7)T-:J' ^ o y tcHffl LT R A Mt>'<^ X 
14 a, 14 b, 14cai^l4d*»^Sg;^kaitJt7'- 
^'5:;<ty 3yho-7 1 2tjSI. J: ^fcLTV^&Tt 
i6, x-;5'^'O y^ai:»Jfflfl-^2 3a<oi^l*S:^n 
-/ ^' 7>f >'<o»r OiRLoJ>SSa^gfe:lfc'<.T» 1 /2 

30 [00231 iKt, *^H8<^m2<0|ISScoj^®fc:-?v^T 

mmmfryT-^^-wm^U', ^mmsA o«, 

^'O-y ^'^^-rS^'D-y^'i/'x^V'— :J'4 1 
^ty3:xha-^4 2i:, ;)<tyti^ji.— ;l'4 3fc*> 

[0 0 241 ^ty^:>''jt-;I/4 3«, f- yTI Di&W 
•rSHaffiDRAMTA-fX44a, 44 b, 44 cX 
tf44dt, ^'D-/^'yx*U-^'4 l*><9<0^'U y^ 
40 ■&aj^J-ri.3ti^3-7>'H^'o«y^'m^5 lat, 3 

AMx^^-fX44a, 4 4 b, 4 4 cXlX4 4 d tA:*] 
^l.7ti^3-7yK^'ay^'A*S5 1bt, ;<ty3 

AMT''^'^ X 1 4 diOr-:?^ D >y Affi^l 5 2 d 
!!pA>aj^)$ itSr-^ ^ a -y ^ t y 3 y h 0-7 4 
2^e^1-«.aj:»)fflffi^5 3at, a5:^jfflm^5 3 
a±cr)x- rJ' ^' P -y ^ iS: R AM-f'' W X 4 4 

a, 44b, 4 4cXl/44dlCA:W"S^^«X0-f— ^' 
50 ^'D-/^'A:ft«53bi:, ^mDRAM-fK>fX44 
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a. 5 2 6211^5 2 ci:. ;*^0oyha-y42t^ 
|lffiDRAMT'<'fX44a. 44b. 44cai^44 

4a. 54b. 54cai/5 4dMt^tc:T-^'''<X5 5 

[00251 i^t. ^<Ox-5'^D-y^'«aj*ey5 2 
dfcT-^'^'a-yi'<7)A^)t>'52a. 52bai^52 

c aj:>jHi8^ D y 9msm4 o </>m^ 

yH^'o-s'^'m^S 1 at:S<i»fut3vyF^a-)'^' 
fci^LT. ^t'Jri>'hn-^42*»«?>tiJ*$iifcT 
-^Iff-^f^y^ 5 5 S^a tT 3 v>^ H o -y fc ^— 
*r6jt:ea$itT^«DRAM7^A>fX4 4a. 4 4 

b. 44cat;f44d(C. x-^'Aaj*ta54 a. 54 
b. 5 4cXlf5 4d$rtfrLTA*$ii6. ±a 
<r>:3-7:/Y^xi'f9\t^ 3V>'H^o-y^AAMl5 1 b 
Sr:ft-UT^^DRAMx^^>fX4 4a. 44b. 4 4 
c2il^4 4dt:X*3n&. 

[0026] tfc. ^'a-y5'v'x4^-^'4 
y]i^rayifm^Wt5 1 at:2i/s>*ut3-7yH^'D-/^' 
tcHSHLT. ^t»j3:/hD-742fc)»tLTi^iigfc 
SM$l^•CV^SH^DRAMx>'^MX4 4 dtcj: 0^ 
^$iTJ::T-:J'^'Oy^'«. Aa5*ty5 2dJ:0T- 
^'^'D y^ai*fflm^5 3a±k:ai*3tlS. r<OT 
-^':5'o>y:?JiJ^)^^5 3 a±c)>r-^':5'n->/^' 

»i. T-^':5'o->'^'7JjS53bJ:'5>t'Jt>''jL-;l' 
4 3±<0AaJ:>jey5 2a. 52b. 52c^^r-L.-CH 
^DRAMTA^X4 4a. 44b. 44cfc:«|&$ 
ilh. 

[00271 .r«x-^'^D-y^tH»!UT. HSffiD 
RAM-f^<-fX4 4a. 44b. 4 4cRl^4 4d<0# 
'«*^^>aj*$it>:iT-:}'«. T-^'AaS*S54a. 5 
4b. 5 4cRt^5 4d*»*>T-:J'>'<X5 5$:x-^'^ 

2'va^>ilS. 

[ 0 0 2 8 1 ^fc. zcot ^w^f^u xThh mm 

SDRAM-f''^^ X 1 4 d(DXtii)l^y5 2 dJir— 
^'o-5r^'fflaj*e:xtLTaigL. ^alSDRAMx>'^' 
>fXl 4 dT«x-:J'^'D-y^'»4rtaCTStt«L5rff 
d. ■e<0:tir>fc:. gJSSg^0H^DRAMT''^'^X44 
dtctJV^TJJ. x>'N''fX4 4da#TPS$n:itrtS:J' 
n-y:7$:fflv^SCi:t:^:S. C:c7)|g2cJ5|lttcojeSt^ 

[00291 mEolg 1 t c: com 2 oUtt 

AMT''<'f>^OT-:J'^'n-/^'<oA:»jtr:^taj*t>f- 

DRAMt^'nMX (Hl<014d) o;i^€efflL. <6<^^ 
IKDRAMt-'^^X (@l<?514a~14c) ff)f— 
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^UT^^I><Ot:*tL. m2<0|lig<^>}B!Bt11. f^TO 
H^DRAMT>N'>f:^c^Aaj:fteyi&Jtffit:LT. fi 

jiSS<^^ai!aDRAMTA>f>^ {@2<^44d) <OAt 
-^r ^ D -y ^' ?r^36>*> Aai:^] f y 5riM.-C A:»)-rsco 

[00301 C:<03t«>, ^2<?5||]te<^^®T*«. rt^ 

[00311 ijtt:, ii^mm^3(nmL<mm:.-o\.^x 

^t'j3yhD-772fc. ^t'JtxjL-^P7 3t*» 

20 

[003 2] ^t'Jti^'jL-;!'? 314. HilSDRAM 
T''NVX74a. 74b. 74cfttf74dfc. 
3 y h 0-7 7 2 tit UTgSJgfifitcSM^tl^T- 
:J':?o>y^'>''x^W-^'7 5i:. ^xxv^Vs-^V-^ 
7 l*^/i><o^'ay^'>&ai:ft-t&:':;«'i<03vy H^ny^' 
^^81 at. 3-7yK^O-y:^«^81a±<^:? 
Dy^'S:^»KDRAMT>'N*>fX7 4a. 74b. 74 
c atX 7 4 d fcTJj-r S fcyx03 V y H D y Al'jfi 
81bt. T-^'^'Oy^vx;M^-^'7 5<0T-^'^' 
30 O y^'ffi:^)t^y8 2i:. T-^'^'o-y:5'a3:Jjty8 2*» 
f>aj* ^' D >y ^ ^pt t "J 3 y h o-^ 7 2 

^gSM-SaJ:>)ffl<i^83at. aj*fflli^8 3a 
±^'5t-^' ^' a ^ $^P^D R AM-fVN'-f ;^ 7 4 a . 
74 b. 1 4cmfl 4A\iLjJyth1t>h<n^-99u 
-/^'A^)t88 3bfc. P«DRAMx>'N'^:^74a. 
74b. 74cat/74d«0x— ^':7ov^'A:')ty8 
4a. 84b. 84cS.tX84df:. ^t'JnyhD- 
77 2tHKffiDRAMx^NMX7 4a. 74b. 74 

40 Aaj*^8 5a. 85 b. 8 5 cSlf 8 5 dMlffcx- 
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